Infective endocarditis is most often seen affecting the left side of the heart, with the pulmonary valve being the least frequently involved valve. The most common organisms responsible for infective endocarditis are Staphylococcus aureus and Streptococcus viridans. Here we report a rare case of pulmonary valve endocarditis due to Streptococcus pneumoniae, a rare pathogen for this setting. The clinical features, presentation, and review of the literature are discussed. 
mm 3 . Repeat blood cultures were again positive for Streptococcus pneumoniae. Stool was positive for leukocytosis and negative for C. difficile toxin. Chest X-ray showed persistent infiltrates consistent with prior chest X-rays with new infiltrates in the right upper lobes. Abdominal CT showed evidence of ascending colitis. The patient was started empirically on levofloxacin and metronidazole for presumed infectious colitis. Due to the newly discovered murmur, a 2D surface transthoracic echocardiogram was performed to check for echodensities that would suggest infection of the heart valves; the study revealed a vegetation on the pulmonic valve suggestive of endocarditis. The previous antibiotics were discontinued, and the patient was started again on ceftriaxone as the vegetation was deemed too small for surgery and he had not had any significant thromboembolic phenomena.
Two weeks later, the patient returned for a follow up in the office showing significant improvement with his ongoing antibiotic therapy. However, the next day, he again presented to the hospital with sudden onset coughing, fever, shortness of breath, and chest pain. On physical exam, he was afebrile, blood pressure was 130/70 mmHg, and pulse 78 bpm; pleuritic rubs were heard on auscultation of the lungs, and a persistent soft ejection systolic murmur was noted on cardiac exam. Labs were significant for white blood cell count of 14,000 cells/mm 3 , hemoglobin 11 g/dL, hematocrit 35%, and glucose 231 mg/dL. Chest CT scan showed right lower lobe infiltrates that were considered evidence of possible pulmonary embolus, at which point septic emboli from the heart valve vegetation was suspected. A transesophageal echocardiogram confirmed the presence of vegetations on the pulmonary valve (Figure 1 ), at which point the decision was made to consult with cardiothoracic surgery for valve replacement (Figures 2,3 The patient underwent replacement of the pulmonary valve ( Figure 1 ) due to a lack of response to antibiotic therapy and possible septic emboli involving the lungs. In addition, exploration of the heart revealed a 1 mm sub-pulmonic ventricular septal defect that had been previously undiagnosed; this defect was determined to be old and well-established rather than a result of the endocarditis. The pulmonary valve was resected and replaced with a #25 Edwards tissue prosthetic valve, and the septal defect was repaired primarily. The patient's postoperative course was uneventful. He was seen four weeks after his surgery at which time both his pulmonary symptoms and his bacteremia had resolved.
Discussion
Infective endocarditis is an infection of the inner lining of the heart that usually involves one or more valves and adjacent structures. The vast majority of cases involve the left side of the heart, with only approximately 5% involving the right side [1] . Multiple valve involvement is also possible (Table 1) . Isolated pulmonary valve endocarditis is the rarest form and has been found to occur in less than 1% of cases [1] . Possible reasoning for its rarity include lower pressure gradients across valves on the right side of the heart compared to the left, lower oxygen content of venous blood, and lower frequency of malformations involving the right side of the heart [2] . Risk factors for infective endocarditis include intravenous drug abuse, alcoholism, sepsis, congenital heart defects or diseases, and central venous catheterization [3] . Of these factors, sepsis and a previously undiagnosed congenital heart defect apply to our patient. Causative organisms can vary depending on each patient's risk factors, but the predominant species involved are Staphylococcus aureus and Streptococcus viridans [2] (Table 2 ). Definitive diagnosis is via Duke's criteria and requires two major criteria, five minor criteria, or one major + three minor criteria (Table 3 ) [4] .
The causative organism in this case, Streptococcus pneumoniae, is a natural inhabitant of the human nasopharynx. While its presence here is normally benign, spread to another location may be pathogenic; for example, spreading to the lower respiratory tract can lead to pneumonia [6] . Endocarditis caused by S. pneumoniae infection is quite rare and is typically associated with alcohol abuse, which was not seen in our patient [4] . Past reports of S. pneumoniae endocarditis suggest it may manifest as part of the Austrian Journal of Immunology and Infectious Diseases syndrome, consisting of pneumonia, meningitis, and endocarditis [7] . Of these three manifestations, all but meningitis were prominent features of our patient's clinical course. Notably, endocarditis caused by this organism is associated with an extremely high rate of mortality [1] . Single positive blood culture Table 3 : Duke's criteria for diagnosis of infective endocarditis [4] Isolated pulmonary valve endocarditis is frequently associated with respiratory symptoms due to the anatomical and functional proximity of the pulmonary valve to the lungs. Embolization of septic vegetations to the lung, in particular, is an important complication that should be kept in mind in patients with shortness of breath and other respiratory symptoms [8] . Indeed, it is possible our patient's shortness of breath and cough were consequences of septic emboli from the pulmonary valve lodging in the pulmonary vasculature. In addition, it is possible a septic embolus was the cause of the patient's pneumonia rather than the pneumonia being the precipitating event that ultimately led to his endocarditis [9] . Conversely, the presence of a congenital ventricular septal defect could have given blood returning from the lungs open access to the right side of the heart, allowing pulmonary bacteria to infect the pulmonic valve [10] .
In the majority of cases, right heart endocarditis progresses with a benign course relative to infections involving the left heart. While surgical treatment of mitral or aortic valve endocarditis is more common, right heart endocarditis is most often successfully treated with medication alone [1, 11] . In more serious cases, surgery may also be utilized for endocarditis involving the right heart valves. Generally accepted indications for surgery include infection with certain organisms (for instance, Staphylococcus aureus or Gram-negative bacilli), secondary heart failure, lack of response to antibiotic therapy, severe valve dysfunction, pulmonary involvement such as septic emboli or cavitation, and systemic involvement such as disseminated intravascular coagulation or acute renal failure [10, 12] . In our case, the indications for surgery were the lack of response to antibiotic therapy in addition to pulmonary involvement.
In summary, the case presented demonstrates an unusual case of isolated pulmonary valve endocarditis with Streptococcus pneumoniae, an organism not often associated with endocarditis. The case suggests that pulmonary valve endocarditis should be considered in patients who present with recurrent pulmonary symptoms, especially if there is high suspicion based on associated symptoms such as recurrent fevers or persistently positive blood cultures despite treatment, as seen in this patient. Notably, these symptoms can mimic pneumonia, so appropriate diagnostic tests should be performed to distinguish true pneumonia from a pneumonia-like presentation secondary to embolization from pulmonary valve endocarditis.
